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Introduction
It is often argued that monetary policy is unable to "push on a string". By using this metaphor, market participants and central bank observers describe the notion that tighter monetary policy can pull the economy into a recession when financing constraints are binding. Easier monetary conditions, however, can only relax financial constraints but cannot push the economy into an expansion. The available empirical evidence for the U.S. supports this notion (see, among others, Tenreyro and Thwaites, 2016) . 1 As a result, tightening shocks should have larger effect on the real economy than easing shocks. As a motivation for asymmetric effects, the literature refers to downward nominal rigidities or one-sided financing constraints.
In this paper, we study whether a "pushing on a string" phenomenon can be found for China. The case of China is particularly interesting because it offers a specific rationale for an asymmetry policy transmission that is absent in other economies: the large role of state-owned enterprises (SOEs). SOEs are typically clustered in heavy industries such as steel and shipbuilding and, even after decades of economic reforms, account for about 40% of total firm assets. SOEs have regained economic relevance after 2008, when the Chinese authorities implemented the large stimulus program mostly through their control over state-owned firms. The literature, much of which is surveyed below, find two main properties of SOEs compared to private firms: First, SOEs are characterized by an inefficient allocation of capital compared to private firms. They make larger losses and incur higher debt. Second, despite their structural weaknesses, they have preferential access to finances, often channeled through state-owned banks. In fact, the combination of 1 Weise (1999) finds that money supply shocks have stronger effects when output is below its potential. Ravn and Sola (2004) use a Markov-switching model to show that negative surprise money supply shocks have larger real effects than positive ones. Lo and Piger (2005) find that shocks have stronger effects in recessions compared to booms, while they do not find an asymmetry with regard to the sign of the policy shock. Barnichon and Matthes (2016) also show that a contractionary shock has stronger effects on unemployment. Finally, Angrist et al. (2017) provide evidence suggesting that monetary accomodation generates less pronounced effects than tightening. While all contributions differ in their methodologies, they broadly agree on the nature of the asymmetry. these two properties is one of the stylized facts of SOEs and is often used as a core assumption in macroeconomic models for the Chinese economy (e.g. Song et al. 2011) .
If SOEs are subject to governmental interference and face preferential access to financial resources, they should respond differently to monetary policy impulses than privately owned firms. In addition, the large SOE sector should also affect the way monetary policy affects the aggregate real economy. In this light, it is surprising that the role of SOEs for the transmission of monetary policy has not yet been studied. We fill this gap and study the transmission of policy shocks using disaggregated data for SOEs and private firms, respectively.
Our main hypothesis is that the presence of SOEs gives rise to an asymmetric adjustment to monetary policy shocks. Suppose SOEs are indeed characterized by (i) government interference into their operations and (ii) preferential access to finances. A policy tightening should have stronger effects on private firms and smaller effects on SOEs, since the latter is not equally exposed to an inward shift in credit supply as a consequence of the policy move. Now think of a policy easing: the state-owned sector might expand more than the private sector because authorities could interfere into the management of SOEs in order to use SOEs as a vehicle to support expansionary policies. As a result, SOE activity should expand more strongly than economic activity of private firms.
How does this translate to the aggregate level? If SOEs are a large part of the economy, as they are in China, this should translate into an asymmetry on the aggregate level. In fact, this should imply that easing shocks are more effective in driving GDP than tightening shocks -a pattern that is the opposite of what researchers found for the U.S. and other economies. In this sense, monetary policy in China is "pushing on a string".
We organize our contribution in three main steps: First, we estimate a series of linear vector autoregressive (VAR) models that include aggregate business cycle variables but also relative sectoral information. The latter is either the change in leverage of SOEs relative to that of private firms or the growth rate of SOE investment relative to the growth rate of private investment. A monetary policy shock is identified using restrictions on the sign of the impulse responses (Uhlig, 2005) . Although the model is symmetric, the responses of the relative variables are informative about asymmetries in the adjustment to monetary policy. We find that a monetary policy shock has significantly stronger effects on SOE investment and leverage compared to private firms. Both, investment and leverage expand stronger after a policy easing than in the case of private firms.
Second, we use local projections in the spirit of Tenreyro and Thwaites (2011) to shed light on the asymmetric reaction to easing and tightening shocks, respectively. Owing to the fact that the previously used model is linear, we cannot use it to study whether sectoral policy transmission is asymmetric. In particular, the VAR is not able to reveal whether the responses to a policy tightening are similar in absolute terms to the responses to a policy easing. We believe this distinction to be important in order to understand the asymmetric policy transmission. To quantify the asymmetry, we estimate a series of local projections (Jordà 2005 ), which we extend to allow for different effects of positive and negative policy shocks, respectively. Local projections provide a very flexible alternative to VAR models and are ideally suited to analyze nonlinearities and asymmetries.
Using three alternative series of monetary policy shocks, among them the exogenous change in M2 growth identified by Chen et al. (2016) and the change in required reserves, we find that on a sectoral level a monetary policy easing benefits SOEs more than private firms. For a monetary tightening, the results are less clear-cut, but tend to suggest that SOEs activity is reduced less compared to private firms. Thus, these asymmetries are in line with the hypothesis put forward before and support the notion of preferential refinancing conditions of the state-owned sector. These sectoral asymmetries also translate into the adjustment of aggregate variables such as GDP, electricity consumption and office space sold. In the aggregate, a policy easing is more effective than a policy tightening. Interestingly, however, the nature of the asymmetries is remarkably different from the U.S. and other economies. In China, monetary policy is able to push on a string. Our results are not driven by the distinction between expansion and booms and are robust with regard to the definition of monetary policy shocks.
Third, we use firm-level survey data on 160,000 firms from 37 two-digit manufacturing industries. The data is assembled by the Chinese National Bureau of Statistics (NBS), and contains information on firms' balance sheets such as total liabilities, total assets, as well as the ownership structure of the firm and several other control variables. We use this data to study the monetary policy impact on firm leverage for SOEs and non-SOEs. We also differentiate between a policy tightening and a policy easing. The results suggest that in general, a manufacturing firm's leverage increases when monetary policy is loosened.
However, during the easing period, leverage of SOE increases more than that of non-SOE.
During tightening period, leverage of SOE falls less than that of non-SOE.
The asymmetry for the non-SOEs is consistent with that of advanced economies, i.e. the effect of monetary tightening is much stronger than monetary easing in terms of leverage change. The existence of SOEs fundamentally changes the transmission of monetary policy.
This paper contributes to the literature on asymmetries in the transmission of monetary policy, see Tenreyro and Thwaites (2016) and others. We study the potential asymmetries against the backdrop of the large share of SOEs in China. Recent papers by Fernald et al. (2014) , Chen, Chow and Tillmann (2017) and Chang et al. (2017) argue that monetary policy in China is difficult to interpret as the PBoC uses more than one instrument to implement its policy and the policymaking process remains opaque. These papers propose ways to deal with the multitude of instruments in empirical studies. Fernald et al. (2014) and Chen, Chow and Tillmann (2017) claim that while the policy implementation stage in China is different from other countries, the transmission mechanism is similar. In this paper, we focus on the transmission mechanism and argue that the asymmetry involved is an important distinction with regard to the transmission process in other economies. This paper also contributes to the literature on the risk-taking channel of monetary policy transmission. One of the main objectives of a monetary policy easing is to encourage firms to take more risk and increase investment. However, after a recession or a financial crisis, banks are reluctant to grant riskier loans, and firms are reluctant to take more risk, even in the presence of monetary policy easing. The result of this is that central banks try to "push on a string" in order to escape the recession. The existence of SOEs with implicit government guarantee can help resolve this short run problem. Of course, the long-run cost is that SOEs are less efficient. This paper is organized as follows: section 2 summarizes the main characteristics of SOEs highlighted in the literature. Section 3 introduces the data series used in the paper. The VAR model is discussed in section 4, while section 5 introduces state-dependent local projections. Section 6 completes the analysis with an analysis of firm-level data. Finally, section 7 summarizes the findings and draws conclusions.
The role of state-owned enterprises
In this section we sketch the main characteristics of SOEs in China and derive the main hypothesis to be tested below. 2 State-owned firms remain quantitatively important in China, even after more than two decades of economic reforms. They play an important role for the long-run growth performance of China and the Chinese business cycle (see Peng et al., 2016) . private leverage is on a downward trajectory. We will come back to this structural break below.
A large literature has studied the properties of SOEs and their contribution to economic development. Researchers typically find an inefficient allocation of capital between stateowned and private firms (Ljungqvist et al., 2015) and a large productivity gap between both types of firms, with SOEs being less productive than private firms (Hsieh and Klenow, 2009 ). Hsieh and Song (2015) argue that a more efficient allocation of capital would be a boost for future growth in Total Factor Productivity. Due to the government's immediate control over SOEs, state-owned firms have been the primary vehicle through which Chinese authorities implemented the large stimulus package of 2008/09 (The Financial Times, February 29, 2016) . In fact, the structural break in SOE leverage in 2008 is likely to reflect the additional credit obtained as a consequence of the package. Bai et al. (2016) point out that in the long run the expansion of relatively unproductive SOEs in 2008/09 could result in a drag on potential growth in the future.
If the government ultimately controls firms, they might face more favorable financing and refinancing conditions. Researchers typically find that state-owned enterprises have better access to capital than private firms (see, among others, Su, 2016) . This results from the fact that Chinese banks favor state-owned enterprises over private firms (Wei and Wang, 1997) or from the fact that bureaucrats are better able to evaluate the credit risk of SOE Xu 2000, 2005) . Cull et al. (2015) use the degree of government intervention in the appointment of CEOs of Chinese firms as a measure of government control.
They find that stronger government intervention is associated with significantly better access to bank credit. Direct evidence on credit constraints is provided by Poncet et al. (2010) . Based on firm-level data, these authors find that private Chinese firms are credit constrained while state-owned firms are not.
In fact, it is now widely accepted that favorable access of SOEs to funding is a stylized fact of the Chinese economy. For example, the 'Growing like China' paper of Song et al. (2011) considers this as a core element of their model. They argue that state-owned firms are less productive but survive because of better access to credit. Likewise, the models of Peng et al. (2016) and Chang et al. (2016) assume that SOEs have superior access to bank loans due to government guarantees despite their low productivity.
One important implication from this differential access to finances is that monetary policy should have different effects on both types of firms. If SOEs have better access to funding, they should reduce output, employment and investment less if policy tightens. 3 For private firms, however, a change in refinancing conditions triggered by monetary policy should have larger effects. Moreover, the differential access to financing together with government interference in firms' financing and investment decisions also implies an asymmetry: a policy tightening should have stronger effects on private firms than on SOEs. A policy easing should lead to a stronger expansion of SOEs then private firms. This is because the government can direct firms to support the policy easing with an increase in lending and output. In this regard, monetary policy is able to "push on a string". In the aggregate, this would translate into an aggregate adjustment of macroeconomic time series. Since SOEs account for a large fraction of economic activity, any asymmetric response of SOEs to tightening and easing shocks, respectively, should be visible in the aggregate.
The literature on monetary policy transmission in China has found important asymmetries: Chen, Higgins, Waggoner and Zha (2016) find asymmetric output effects in different business cycle states. Chen, Ren and Zha (2017) find that a policy tightening is much less effective than a policy easing. One factor that might explain these asymmetries is the large presence of SOEs. Furthermore, Fernald et al. (2014) survey the literature and argue that due to the structural transformation and financial development, the effectiveness of monetary policy in China changed over time. They cite several papers suggesting that the effectiveness of monetary policy in China has increased over time. One mechanism behind this finding might be the decline in the share of SOEs.
Data
We use Chinese time series data obtained from the CEIC database. The data frequency is monthly and the sample begins in 2000:01 and ends in 2017:06. Since the exogenous shock series used below is available until 2016:06, some specifications cover the period 2000:01 to 2016:06 only. The aggregate date series we use are real investment, CPI inflation, PPI inflation, real loan volume, M2, the consumption of electricity, the overall freight volume and the amount of office space sold. The latter three variables are often used as alternative measure of real economic activity in light of concerns about the quality of official GDP. All variables are used in year-on-year percentage growth rates. The reason for this is that data availability is much better for growth rates than for levels. Real GDP is available on a quarterly frequency only and is therefore interpolated to monthly frequency. 4 Investment, both the aggregate series and the sectoral data, is the only variable which has not been taken from CEIC. Instead, we use data available on the Atlanta time series database on China. 5 The nominal growth rates are transformed into real series by subtracting CPI inflation. To obtain a monthly frequency of year-on-year growth rates, the growth rates are finally interpolated. The Atlanta Fed data also ends in 2016:06.
An important characteristic of Chinese data are the Chinese New Year celebrations, which are held at the end of January and beginning of February. These celebrations are reflected in obvious outliers in most growth rates. We follow Fernald et al. (2014) and replace the January and February entry with the average of December and March, thus leading to a yearly growth rate that is equal in January and February.
From CEIC we also obtain sectoral growth rates of value-added, investment and leverage, that is, total liabilities minus total investment. All three series are available for stateowned firms, which we use below. In addition, the series are also available for private firms. The CEIC database uses an inconsistent classification of sectors. For some series, the subcategories "private" and "share-owned" are available, while for other series "private" and "share-owned" are available. Below, we use data on "share-owned" firms for value-added and leverage and data on "private" firms for investment. For the different sectors, the three series are plotted in Figure ( 2)
Evidence from a VAR model
As mentioned before, we analyze potential asymmetries from different angles. The first approach, which we present in this section, builds on a conventional, symmetric VAR model. Although the model itself is symmetric, the results are informative about asymmetries as we put the ratios of sectoral variables into the model.
To be specific, let the vector of endogenous variables, , follow a VAR process with q lags
This vector contains the standard business cycle indicators such as the growth rate of real GDP, the CPI inflation rate, the aggregate growth rate of investment and the first difference of aggregate leverage. As mentioned before, all growth rates are year-on-year rates in percentage points. Our deviation from the conventional VAR framework frequently used for other economies is the choice of the last endogenous variable. The vector includes the first difference of leverage of state-owned enterprises, ∆ , minus the first difference of leverage of private firms, ∆ . A shock that significantly affects ∆ − ∆ is transmitted asymmetrically through the economy as it benefits one sector over the other. In an alternative specification, we replace the relative change in leverage by the change in investment of state-owned enterprises minus the change in investment of privately owned enterprises, ∆ − ∆ . The inclusion of relative variables offers a straightforward way to study asymmetries in an otherwise symmetric model. Note that the asymmetry analyzed here does not yet pertain to the distinction between easing and tightening shocks. This perspective is discussed in the next section as it requires a different empirical framework.
In this model, monetary policy is reflected by the year-on-year growth rate of M2, ∆ 2 .
Since we want to be consistent with the subsequent sections, in which we mainly use an identified shocks series that corresponds to the exogenous change in M2, we choose M2
as the instrument reflecting monetary policy. The model is estimated with q=6 lags. Our sample covers a period from 2000:1 to 2017:6 and is based on monthly observations.
To identify monetary policy shocks, that is, an unexpected change in the stance of monetary policy, we resort to sign restrictions (Uhlig, 2005) imposed on the impulse responses.
We impose the restriction that a monetary policy shock is one that raises the growth rate of M2, the growth rate of real GDP and the inflation rate in the first three quarters after the shock. Note that we restrict the sign of the response only, not its magnitude or its shape. All other variables' responses remain unrestricted. In particular, we do not impose any constraint on the adjustment of relative leverage and relative investment, respectively. Table ( 1) summarizes the constraints for both estimated model specifications. 
Notes: The restrictions are imposed for three consecutive months.
The constraints imposed here should be relatively innocuous, as they require only consensus properties of any monetary policy shocks. An expansionary monetary policy should eventually drive inflation, output and money supply up despite the peculiarities of the policymaking process in China with all their differences with respect to monetary policy in Western economies. These restrictions are very similar to those regularly imposed to identify shocks to Federal Reserve, Bank of England or ECB policy.
The resulting impulse response functions are shown in Figures (3) and (4) for the two estimated models, respectively. Each figure reports the median response of all draws at a given horizon (solid line) with 68% confidence bands surrounding it as well as the median target responses as in Fry and Pagan (2011) . The latter reflects the single response that is closest to the median across all draws (dotted line). By construction, an expansionary monetary policy raises inflation, M2 and output growth. It also leads to an increase in aggregate leverage growth, while the response of real investment growth is not different from zero. Importantly, the monetary policy shock also raises the growth of leverage of state-owned firms relative to private firms. Thus, SOEs are more strongly affected by monetary policy than privately owned firms. This pattern is consistent with the notion of preferential access to financing by SOEs. Below we will shed more light on this by disentangling expansionary and tightening shocks. In Figure (4) , we see that a monetary policy shock also leads to an increase in the relative growth rate of investment. Real investment of state-owned firms increases by more than investment of private firms. In this case, the response of the growth rate-differential is large, about one percentage point after one year, and persistent.
Both sets of impulse responses suggest that the state-owned sector responds more strongly to monetary policy. The responses of the relative growth rates are sizable and economically relevant. Thus far, however, the model is symmetric, that is positive and negative shocks have been equally effective. The next step is to adopt a suitable model framework that allows us to distinguish expansionary and tightening monetary policy shocks.
Asymmetric responses to easing and tightening shocks
Having studied the response of relative growth rates in an otherwise symmetric model, we now take the next step and estimate a state-dependent model, which allows for all parameters to differ according to the sign of the monetary policy shock. Since our main conjecture postulates that SOEs suffer less from a policy tightening and might even benefit more from a policy easing, we need an empirical model that distinguishes the sign of the monetary policy impulse and the following dynamics. For that purpose, we resort to local projections (Jordà, 2005) . We will extent the symmetric projection by allowing for statedependent effects, where the state refers to the sign of the policy shock as in Tenreyro and Thwaites (2016) .
State-dependent local projections
Consider a dependent variable, , whose current and future realizations are supposedly give an insufficient description of the policymaking process. Considering that local projections, in contrast to VAR models, are not able to identify policy shocks in the sense of disentangling the effects of policy from the endogenous feedback from the economy to monetary policy, identification needs to be addressed outside the estimated model. Our primary measure of policy is a series of identified policy shocks from Chen, Higgins, Waggoner and Zha (2016) and Chen, Ren and Zha (2017) . These authors estimate a regimedependent Taylor rule that takes account of institutional peculiarities of the policymaking proves in China. They interpret M2 growth as the primary policy instrument and show that exogenous changes in M2 encompass changes of other instruments, such as RRR and official interest rates. This variable is used as our benchmark policy shock throughout this paper. 6 Note that an increase in the exogenous growth rate of money supply is expansionary. It is important to note that the policymaking process in China remains opaque such that the surprise component of changes in RRR and lending rates is large. This means that these reduced form policy changes could also be used to derive evidence of the response to structural policy shocks.
This measure is shown in in Figure (5) . To facilitate the comparison with the two other shock series, we plot the shock series flipped on the y-axis such that a positive shock in the graph is equivalent to a policy tightening. To corroborate our findings, we also use two reduced-form measures of changes in the monetary policy stance, that is, changes in observable variables that are not necessarily a shock in the structural sense. The first is the year-on-year change in the required reserve ratio set by the PBoC. The second is the yearon-year change in lending rates. In the estimations, we flip both series such that again, an increase is a policy easing in order to remain consistent throughout the paper. We feel confident that these two measures of policy are also informative although they are not structurally identified. This is for two reasons: First, the policy framework remains opaque such that, in contrast to Western central banks, the anticipation of policy moves is far from perfect. Hence, it is relatively unlikely that changes in RRR or lending rate could have been anticipated. In addition, changes in these policy instruments implemented by the PBoC are typically not communicated in advance, such that the remaining surprise component in these changes is much larger than for changes in policy instruments of Western central banks. Second, our choice of contemporaneous control variables included 6 Since the series of policy shocks is quarterly, we interpolate the series to monthly frequency. The dependent variables, also measured in year-on-year growth rates, are the following:
sectoral valued-added, leverage and investment as used before, CPI and PPI inflation, credit, M2 and real GDP. Since data on real GDP for China are notoriously questioned on grounds of reliability, we also use three widely used alternative indictors of economic activity, which are the growth rate of electricity consumption, the growth rate of cargo freight and the percentage change of sold office space. The control variables include sectoral real economic activity such as measures by the growth in value-added as well as the inflation rate.
One of the main advantages of using local projections rather than more established VAR approaches is their ability to easily accommodate asymmetries, as modeled above, as well as nonlinearities and other deviations from the linear benchmark model. This is particularly attractive for the purposes of this paper. In addition, it is worth mentioning that the derivation of impulse response functions does not involve an iteration of coefficient matrices such as in the derivation of impulse responses based on the moving average representation of VAR models. This means that we do not need to assume that the economy remains in a given state, i.e. a policy easing or tightening, forever. This is an assumption that plagues state-dependent VAR models such as Markov-switching models. In these series, the asymmetry shows up as well: a policy easing raises both consumer price and producer price inflation whereas a tightening does not reduce them.
Aggregate loan growth increases after an expansionary monetary policy shock by about 1.5pp to 2pp. The growth rate of real loans does not, however, fall in the event of a policy tightening. This suggests that credit conditions do not significantly deteriorate in the aftermath of a tightening. For money supply, i.e. the growth rate of M2, the adjustment appears to be symmetric.
Figures (9) to (11) present the responses to a change in required reserve ratios. In contrast to the responses following an exogenous change in M2 growth, the aggregate variables shown in Figure (9 ) do not exhibit a notable asymmetry. All four indicator increase because of a policy easing, i.e. a cut in RRR, and fall by roughly an equal amount after a policy tightening. Hence, using changes in RRR as our measure of policy results in less asymmetric responses on the aggregate level. On a sectoral level, see Figure ( 10), the evidence again supports the notion of asymmetry. Investment of state-owned firms increases strongly after an easing of monetary conditions, but hardly responds after a tightening.
Private investment, in contrast, is equally exposed to a tightening as well as an easing of policy. Furthermore, the investment response of state-owned firms after a policy easing is almost twice as large as the response of private investment. We find similar effects on leverage, which increases for state-owned firms independent of the direction of the policy shock. Private firms, however, raise their leverage after an easing and deleverage following a policy tightening. Only for value-added, the difference between state-owned and private firms appears to be small, as both sectors exhibit only small responses to a change in RRR.
Figure (11) shows the responses of the inflation and credit series, respectively, to a change in RRR. The response of CPI inflation exhibits an asymmetry: expansionary shocks raise inflation while contractionary shocks do not reduce it. We do not find signs of asymmetric responses for PPI inflation and M2. The response of loans is asymmetric with loans increasing strongly after a tightening and falling moderately after an easing shock. 7
Our third alternative monetary policy shock is the change in lending rates. Figure (12) contains the responses of sectoral activity to either an expansionary cut or a contraction-ary increase in lending rates, respectively. For value-added, we find that a policy tightening leads to similarly sized declines for state-owned and private firms, respectively. A policy easing, however, has larger effects on the state-owned sector. After a policy easing, investment increases stronger in the state-owned sector than in the private sector, while the opposite is true for a policy tightening. Private investment growth falls by up to 20pp, while investment by state-owned firms falls by about 12pp. The cross-sectional asymmetry is the largest for the response of leverage. An easing shock raises leverage in the state-owned sector twice as strongly as in the private sector. A tightening, on the other hand, leads to a significant drop in leverage in private firms but an increase in leverage on state-owned firms' balance sheets.
Summary of results
We now want to compare the responses of sectoral leverage growth and sectoral investment growth with the response of sectoral real economic activity, i.e. the change in valueadded. This allows us to see (1) whether leverage or investment growth are procyclical or anticyclical and (2) whether they respond more or less strongly than economic activity.
For that purpose, we construct the ratio of the cumulative responses of each variable. For an expansionary policy shock, the relative cumulative response in sector j = (state-owned, private) for variable i = (leverage, investment) is defined as
where the denominator is the cumulative response of value-added in sector j. 8 An analogous ratio is constructed for tightening shocks. The ratio is positive when a variable's response is procyclical and negative when the response is countercyclical with respect to sector output. If Λ ,D > 1, variable i's response is stronger than that of sectoral output. Table (2) contains the relative cumulative responses for all combinations of sectors, variables, shock signs and shock definitions. Consider a policy easing. For all three shocks, the response of investment is procyclical.
As a result of a change in RRR and lending rates, the constructed ratio is much larger for SOEs than for private firms suggesting the former increase investment much more relative to output. Only for the exogenous M2 growth, the relative response of private firms is larger than the response of SOEs. For a policy tightening, the investment response of private firms is much larger for two out of three cases considered here. For exogenous changes in M2 and changes in RRR, the response of SOE investment to a tightening is negative suggesting an increase investment. A policy tightening also leads to a drop in leverage, which is always stronger for private firms than for SOEs. In two out of three cases, SOE leverage is countercyclical. Moreover, in two of the three cases a policy easing leads to a stronger expansion of leverage of SOEs compared to private firms.
As a bottom line of this section, we can conclude that monetary policy affects state-owned and private firms differently. A policy easing benefits investment and leverage in the state-owned sector more than in the private sector. A tightening, on the other hand, has stronger effects on the private sector, while the state sector seems to be shielded from large contractions.
The role of recessions
In the previous sections we found that, in general, expansionary monetary policy benefits SOEs more than private firms, which is reflected in aggregate macroeconomic time series.
These findings differ from those derived for the U.S. economy. Tenreyro and Thwaites (2016) , among others, find that in the U.S. restrictive policy shocks are more effective than expansionary ones. These authors then ask whether this result explains their second finding that policy is more effective in booms compared to recessions. In the following, we ask whether the asymmetry found for the Chinese transmission mechanism is related to an asymmetry across different phases of the Chinese business cycle.
For that purpose, we modify our state-dependent local projections. We introduce a dummy variable The resulting impulse responses for an exogenous change in M2 growth are shown in Figures (13) . The black line now represents the adjustment to a policy shock during booms, while the green line is the adjustment during recessions. We find that during boom periods, SOEs respond more strongly to monetary impulses compared to private firms. Investment and leverage of SOEs increase after an expansionary shock. For private firms, in contrast, no significant adjustment can be found. Interestingly, during recessions, a policy shock has an even stronger effect on SOE value-added and investment, while the effect on private firms is similar to the response in boom periods.
Hence, our results thus far are twofold: First, monetary policy is, in the aggregate, slightly more expansionary if the policy step is an easing rather than a tightening one. Second, policy is slightly more effective during recessions -at least as far as it affects the stateowned sector. The latter observation could be an explanation of the former if expansionary policy shocks are more common during recession periods compared to expansionary periods.
To assess this explanation, Figure (14) depicts the kernel density of the series of exogenous changes of M2 growth, separately for booms and recessions. To separate both states, we use the OECD Recession Indicator. We find that in expansions, the entire distribution of policy shocks is shifted to the right. Put differently, during recessions the Chinese economy experienced systematically less expansionary monetary policy shocks. This implies that the asymmetry between positive and negative shocks found before is not due to different phases of the economic cycle. While our results are opposite to what Tenreyro and Thwaites (2016) find for the U.S. economy, we can also reject the explanation of our asymmetries in terms of business cycle stages.
Evidence from micro data
An analysis using aggregate macro data to study the nature of the transmission mechanism stands in the tradition of a large literature on empirical monetary policy analysis.
While aggregate data is informative about the broad characteristics of the business cycle, however, it is naturally too blunt to provide deeper insights into firms' financing conditions. Firm-level data is another important piece of information about the asymmetries involved in monetary transmission in China.
In the following, we exploit a large firm-level data set and look at the cross section of firms during policy easing and tightening cycles, respectively. We use a Chinese firm-level panel Specifically, the data set includes more than 3.1 million observations, covering more than 160,000 manufacturing firms per year from 37 two-digit manufacturing industries and 31 provinces every year. The number of firms more than doubled from 165,118 in 1998 to 344,875 in 2013. It encompasses two types of manufacturing firms: first, all stateowned enterprises (SOEs) and, second, non-SOEs whose annual sales are more than five million Renminbi (which is equivalent to around $781,000 under current exchange rate).
The non-SOEs could also be multinationals. The data set covers firms' balance sheets, with financial variables such as total assets and total liabilities, as well as information on the ownership structure, from which we can identify state-owned, collectively-owned, private and foreign firms. We classify a firm as an SOE if the state holds the controlling share.
Although this data set contains rich information, a few variables in the data set are noisy and misleading due, in large part, to the misreporting by some firms. Hence, we need to clean the sample and eliminate outliers. We drop observations if any of the following is true: (1) liquid assets are larger than total assets, (2) total fixed assets are larger than total assets, (3) the net value of fixed assets is higher than total assets and (4) the firm's identification number is missing. Moreover, we winsorize all financial variables used in the regression at the 1% end.
Based on the characteristics of SOEs described in section two, one possible conjecture is that during tightening episodes of monetary policy, though total lending would decrease, banks would lend relatively more to the less risky SOEs than non-SOEs. As a result, leverage of non-SOEs would decrease while that of SOEs decreases less or even increases. During a monetary policy easing, more credit is allocated to SOEs and thus their leverage responds more strongly to the monetary policy shock than that of non-SOEs. To test this conjecture, we estimate the following regression using the firm-level dataset: where the monetary policy shock is denoted ∆ , again with a positive ∆ implying a policy easing, and Q:S = 9:;<0, ∆ =. The dependent variable is leverage of firm i at time t, defined as total liabilities over total assets, which is consistent with literature. The explanatory variables of primary interest are an ownership dummy, OPQ , which is one if the firm is state-owned, and zero otherwise, and an annualized measure of the change in the monetary policy stance. The latter is captured by the annualized exogenous growth rate of M2 used before. This series is constructed from the original, quarterly series.
As control variables, we include the following national, provincial and firm-level variables: the first variable is firm size, measured as the logarithm of firm's total asset. The second is tangibility, a proxy for the availability of collateral. This is measured as a firm's fixed assets divided by total assets. The third is sales growth, measured as the annual growth rate of a firm's sales revenue. As a fourth variable, we include provincial per capita GDP, which measures the heterogeneous economic developments of provinces where firms are located. Finally, we include the growth rate of national GDP, which is a proxy for the national business cycle. The estimation allows for firm-specific effects in order to control for fixed firm-specific characteristics.
To identify the asymmetric effect of monetary policy between SOEs and non-SOEs, we in- and non-SOE, and between tightening and easing in response to monetary policy changes.
The coefficient * 3 is significantly negative, which shows that during a monetary policy tightening, leverage of SOE decreases less than for the average firm. The estimated * T coefficient is significantly negative. This shows that for non-SOE, a monetary policy easing is less effective compared to a policy easing for SOE, which is more effective than for the average firm (* E A. This is consistent with the "pushing on a string" argument.
Another interesting result is the sum of the coefficients * R + * T , which is clearly positive and significant in all four regressions. This shows that SOE leverage reacts more strongly to a monetary easing than that of non-SOE. Moreover, there is an asymmetry in the response of SOEs between tightening and easing periods. This can be seen by * 3 + * R , , which is consistently positive, showing that leverage of SOE increases more during an easing period than during a tightening period.
As regards the control variables, we see that a larger size and a higher tangibility reduce leverage. This is because our leverage measure is defined as the ratio of total liabilities over total assets. It seems that for larger firms with more tangible assets, assets increase by more than liabilities, such that overall leverage declines.
Conclusions
This paper studied the asymmetric transmission of monetary policy impulses in China. An asymmetric transmission has been found for other countries, most notably the U.S. economy, and researchers use the "pushing on a string" metaphor to describe that the Fed can drag the economy into a recession but cannot pull it into an expansion. Studying the case of China is particularly interesting. This is because China offers an alternative rationale for an asymmetric transmission: the important role that state-owned enterprises play in the Chinese economy and in policymaking in Beijing. State-owned enterprises enjoy favorable financing and refinancing conditions due to implicit or explicit government guarantees. This should make them less sensitive to monetary policy shocks. In addition, the government's control over state-owned enterprises potentially allows monetary policy to "push on a string".
We proposed three alternative ways of modelling the potentially asymmetric transmission. First, otherwise symmetric VAR models that included the relative change of activity in the state-owned sector and the private sector show that investment and leverage of state-owned enterprises respond more strongly to a monetary policy shock. Second, we distinguished expansionary from tightening shocks and used state-dependent local projections to trace out the response to either shock. We showed that SOEs benefitted from easing shocks in a way that exceeds the response of private firms. Following a tightening shock, however, SOEs feel less pressure to restrain their activities. Third, a large set of firm-level data was used to show that the leverage of SOE increases more that of non-SOE during a monetary easing. The effect of monetary easing is much stronger than that of monetary tightening.
Overall, we find that easing shocks have stronger effects on SOEs than tightening shocks.
This translates into an asymmetric response of Chinese GDP and other measures of real activity. Thus, in contrast to other advanced economies, monetary policy is able to "push on a string" and is more effective when it provide additional stimulus compared to a situation where policy tightens.
The results derived in this paper matter for four reasons. First, they contribute to our un- 
Notes:
V:J is defined as total liabilities over total assets; ∆ is the annualized exogenous growth rate of M2; Q:S is one if ∆ > 0 in a given year; OPQ equals one if the state holds the controlling share of the firm. Estimated by panel OLS. A 1% (5%) significance level is indicated by *** (**).
Figure 1: The role of state-owned enterprises
Notes: Leverage is defined as total liabilities relative to total assets. The data comes from the CEIC database. 
Figure 5: Alternative shock series used in local projections
Notes: The exogenous M2 growth is the interpolated series derived by Chen, Higgins, Waggoner and Zha (2016) and Chen, Ren and Zha (2017) . This series has been flipped, such an increase in all three series corresponds to a tightening step. Notes: The black line is the response to a policy easing, while the green line is the response to a policy tightening. The grey and red bands, respectively, give error bands of 1.65 standard deviations.
